. To a solution of 1 (15.9 mg, 0.03 mmol) in 5 mL MeOH was added dropwise a solution of Ag(CF 3 SO 3 ) (25 mg, 0.1 mmol) in 5 mL of MeOH. The reaction mixture was refluxed overnight. The formed precipitate was filtered, re-dissolved in minimum amount of methanol, washed with diethyl ether, and dried under vacuum to get the pale brown solid. Yield, 70%. 1 H NMR (400 MHz, CD 3 Instrumentation 1 H NMR spectra were obtained on a Bruker DMX-400 MHz spectrophotometer. High-resolution mass spectrometry (HR-MS) spectra were determined on a Brucker APEX IV (7.0 T) FT_MS. The dynamic light scattering measurements were operated on Dybapro NanoStar (Wyatt Technology). UV−vis absorption spectra were recorded on a Shimadzu UV-2450 spectrophotometer. Fluorescence emission spectra were taken on a Hitachi F-4600 fluorescence spectrophotometer. The redox potentials in acetonitrile were measured on an EG&G Model 283 Potentiostat/Galvanostat in a three-electrode cell with a glassy carbon working electrode, a platinum-plate counter electrode, and a SCE (saturated calomel electrode) reference electrode, using 0.1 M tetra-n-butylammonium hexafluorophosphate as supporting electrolyte. Before each scan the glassy carbon electrode was polished using a 0.05 μm polycrystalline diamond suspension and rinsed with acetone.
H 2 Evolution Experiments
A total of 10 mL of aqueous solution containing optimized concentrations of PS (photosensitizer), WRC (water reduction catalyst), and SR (sacrificial reductant) was put into a 40 mL glass vial equipped with a rubber-septum-sealed outlet. After bubbling with argon for 25 min, 3 mL of methane was injected into the reaction vessel to serve as the internal standard for H 2 quantification. Then the vial was irradiated with visible light, which was obtained from a 1000 W solar simulator (Oriel 91192) using a 400-nm-long pass glass filter and a distilled water pool to cut off the UV and IR light. The production of H 2 was monitored and quantified by gas chromatography on a Shimadzu GC-2014 (thermal conductivity detector, 5 Å molecular sieve, 30 m × 0.53 mm column, N 2 gas carrier). Photocatalytic reactions were carried out in varied conditions ( Figure S3 ) to select a proper PS to match the combination of 1 and ascorbic acid, serving as WRS and SR, respectively. More experiments were performed to find the optimal concentrations of [Ru(bpy) 3 ] 2+ , 1, and ascorbic acids, as well as the more suitable medium and initial pH, for maximizing the H 2 evolution volume ( Figure S4 -S9). One may expect that the leave of the Cl -ligand from 1 may be facilitated in the Co(I) state,
i.e. a shift of the following equilibrium (equation 1) to the right side. This possibility cannot be rule out, however, the monodentate ligand substitution by water is not likely very efficient during the photocatalysis, since the photocatalytic activity of 1 is much higher than that of 4 ( Figure 1a ).
The addition of Cl -will undoubtedly restrict such a process and move the equilibrium to the left side, accordingly promoting the photocatalytic activity of 1 more dramatically than the other examined anions (Figure 1b) . The results presented in this work suggest that the lability of the monodentate ligand may not benefit the catalytic activity of the pentadentate ligand-based Co complexes, and the employment of new monodentate ligands with stronger binding ability toward Co than that of Cl -may lead to more efficient H 2 evolution catalysts.
Co-Cl + H 2 O Co-OH 2 + Cl -(eq. 1) 
